INTRODUCTION
Morphometric variations are revelations of continuous data derived from a set of measurements in the morphometric studies (Kaouèche, Bahri-Sfar, Hammami, & Hassine, 2017). These measurements are used in fisheries biology to determine similarity or dissimilarity of taxa (Reist, 1985) or relationships among various taxonomic groups (Turan, 1999) . The analysis of phenotypic variations forms the basis for identifying stocks as well as evaluating their population structure (Mojekwu & Anumudu, 2015) . Despite the use of molecular genetics today, these conventional approaches continue to play important roles in stocks identification (Solomon et al., 2015) , while the use of multivariate techniques is thus receiving more attention in delineation of the stocks (Bektas & Belduz, 2009).
All different types of life cycles of the family Penaeidae as described by Dall et al. (1990) cover ranges of heterogeneous environment which require different morphological traits that match with local environments (Jørgensen, Pertoldi, Hansen, Ruzzante, & Loeschcke, 2008). Any organism adapting in such heterogeneous environment requires to produce sufficient chances for genetic variation (Rajakumaran, Vaseeharan, & Yeshvadha, 2013) as specific genetic variation is needed for a particular adaptation (Lundqvist, Andersson, & Lonn, 2008) . Knowledge of genetic diversity based on morphological traits is crucial to species conservation, yet understanding of these phenomena, particularly in penaeid shrimp fishery of Malindi-Ungwana Bay, is scant. We hypothesized that low genetic variation in penaeid shrimp population of Malindi-Ungwana Bay has led to its population decline that threatens its evolutionary potential. The present study, therefore, intended to investigate the genetic diversity based on morphometric variations within and between different species of penaeid shrimp throughout their distributional ranges in Malindi-Ungwana Bay.
MATERIALS AND METHODS

Study area
Malindi-Ungwana Bay is located between Malindi and Ras Shaka, north of Kipini in the Northern Coast of Kenya ( Figure 1 ). The study had six sample stations, four of which were located within the estuaries (S1, S2, S3 and S4), while the other two sample stations (S5 and S6) were within the shallow waters (Kaka, Jung'a, Badamana, Ruwa, & Karisa, 2019). The choice of establishing sample stations was mainly considered on the basis of areas frequently used by artisanal fishers or trawlers as well as the estuarine areas around the river mouths of River Tana and River Sabaki. During the shallow water survey, the entire bay was stratified using regular polygons into four zones by depth and distance from shore. The total area of each zone was estimated in ArcGIS area calculator as: less than 10 m depth (137.3 nm 2 ) represented Zone 1; 10-20 m (234.1 nm 2 ) for Zone 2; 20- 
Data Collection
A total of 1364 specimens were studied from six sample stations (Figure 1 ). Sample collections were carried out in the estuary and shallow water sample sta-
157
Vol-2 Issue-2 SIFT DESK tions for two separate surveys of 10 and 13 days respectively in every monsoon season with SEM being cooler than NEM. During sampling in the estuaries stations, 8 hauls were made daily by two people using a seine net of 1 inch stretched mesh size measuring 20 m long by 1.25 m high (Kaka et al., 2019) . Surveys in the shallow waters were conducted for one hour intervals at a speed of 2.5 knots using Fishing Vessel VEGA fitted with engine capacity of 496 horsepower and a 70 mm mesh size towing net (44.3 m long and 45 mm mesh size cod end). Records for sample stations' coordinates and depths were taken during seasonal sampling periods of 10 and 13 days for estuaries and shallow waters respectively.
For every small reasonable catch (at least 30 specimens), the whole catch was considered as a single sample, sorted out by species, identified and weighted per species; and whereas the total catch was too large to manage as a single sample, then sampling proportion was performed at 10% of the catch (Tonks, Griffiths, Heales, Brewer, & Dell, 2008) with a desired margin of error at the 95% confidence level as the subsample (Kaka et al., 2019) . These samples were considered as being representative of the trawl catch and sampling procedures allowed quantitative comparisons of the samples in relative terms. The samples were identified morphologically according to Chan (1998) . When the identification of the specimens was difficult, they were recognized to the genus level due to lack of distinct characteristics and then subjected to further genetic analysis to identify them to species level.
Morphometric measurements were taken to the nearest 0.1 mm for body length (BL), carapace length (CL) and total length (TL) using a vernier calliper. When the abdomen was fully stretched, TL was measured from the tip of rostrum to the end of telson, while BL was measured from the mid dorsal line opposite the posterior orbital margin to the end of telson. The CL measurement was taken from the posterior margin of eyestalk to the posterior mid dorsal edge of carapace ( Figure 2 ), while, body weight (BW) was measured to the nearest 0.1 gram using an electronic weighing balance. 
Data handling and analyses
Measurements which were taken from morphometrics were transformed to BL by growth allometry using Reist (1985) to remove size effect as described in Gunawickrama (2007) . The normality distribution of the standardized measurement after removal of size effect were confirmed using Shapiro-Wilk test, while t-tests were used to check mean differences between the species for each variable with type I error level controlled by Bonferroni correction (Rice, 1989) . A general formula was used for correction of all morphometric data: Ms=Mo(Ls/B L ) b (Sani, Andy Omar, Trijuno, & Nugroho, 2017) by logarithmically expressing as: log Ms = log Mo +blogLs -blog B L where, M S is the standardized character measurement; M O is the observed character measurement; L S is the overall mean BL for all the penaeid shrimps from each sampling site; B L is the BL of the specimen; b is the slope of the regression of logM O on logB L for all penaeid shrimps.
Correlation of standardized data against size was carried out to remove size dependence. Since a number of specimens have damaged rostrum, BL was used as the basis of transformation. The correlation coefficient (R 2 ) between standardized data and BL was determined to verify standardization efficiency. Both univariate and multivariate methods were used to analyse standardized data. The one way analysis of variance (ANOVA) followed by Tukey HSD multiple
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comparison test for unequal sample sizes was also used to determine differences among samples. In order to discriminate shrimp populations, separate Principle Component Analysis (PCA) for each species was used as well as its correlation matrix. The pattern of morphological variations between samples was assessed using Discriminant Function Analysis (DFA). In order to observe relationships among shrimp populations, 95% ellipses of population centroids were produced in DFA scatter diagram to study the relationships (Ola-Oladimeji et al., 2016). The Agglomerative Cluster Dendrogram (ACD) was constructed to classify clusters of penaeid populations based on the similar characteristics. All statistical analyses were performed using program Minitab 17 and XLSTAT 2017.
RESULTS
Morphometric characters of six populations of penaeid shrimps analysed by normality tests are presented in Table 1 (Table 2 ). The present study showed TL, based on the Type III sum of squares (P < 0.05), as the most influential among the two other variables. The results of one-way ANOVA showed R² is better explained by TL than CL in all species except P. canaliculatus which had very insignificant variability of 0.2%, P > 0.05 (Table 3) . TL brings out significant information in every species as well as groups of population that varied significantly in terms of morphometric variations (P < 0.05). 
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Generally, the PCA dimensions for all species except P. canaliculatus indicated an inversely correlation between BL and CL and a good correlation of CL and TL ( Figures 3A-3B ). In the case of Fenneropenaeus indicus Edwards, 1837, 98% of initial data variability revealed three distinct populations that were separated but homogeneously distributed. For Marsupenaeus japonicus Bate, 1888, 98.31% of the total variation in the morphometric characters revealed different population groups found in S2 during NEM season with those found in S3 during the same season as well as those found in S6 during both seasons. The results further revealed that distribution pattern of morphometric characters of P. monodon (98.26% of the initial variability of the data) formed two group populations from S3 and S4 sharing common characteristics while those from S6 had similar characteristics in all seasons with few outliers observed in them. Although the PCA dimension of M. monoceros with 99.11% of the total variation of the data revealed homogenous distribution, S3 seemed to have a mixed population during SEM season with two individuals in S4 possessing unique characteristics different from the rest.
In the case of P. semisulcatus, 99.6% of the variation in the morphometric characters indicated two distinct group populations from S2 during SEM season while the rest were sharing common characteristics in all seasons. Lastly, 97.08% of the initial variability in the morphometric characters of P. canaliculatus revealed two distinct group populations, one from S6 with larger BL during SEM than those from S5 dominating NEM seasons.
The DFA applied to 1361 specimens based on Mahalanobis distances were analyzed after exploratory analysis to remove outliers with predictive classification of individuals for all group populations of penaeid shrimps (Figure 4) . The results of this study showed centroids of populations for adult species partitioned closely to each other while the postlarva of Penaeus spp. and Metapenaeus spp. were classified far apart due to dissimilarities with their adult populations. The two populations of P. canaliculatus from S5 and S6 seemed to be different from each other as they were marked with no overlaps in all the evaluated characters. Stn  CL  TL  CL  TL  CL  TL  CL  TL  CL  TL  CL  TL   NEM  S1  ----------- ----------------------------------------------- ------------------------------------------------ The ACD of the penaeid shrimps is shown in Figure  5 . Based on similar characteristics, clusters of homogeneous populations of F. indicus were observed from S4 and S5 during NEM season as well as P. monodon from S5 and S6 while, a good number of clusters with homogeneous populations during SEM season were observed in M. monoceros from S2 and S3 as well as S5 and S6; F. indicus from S5 and S6; Metapenaeus sp. from S1 and S4. The results also showed a homogeneous population of P. semisulcatus observed in S5 in both seasons. Generally, at the level of similarity of 66.7%, clusters of heterogeneous or increase in diversity among penaeid shrimp populations were observed across Malindi-Ungwana Bay in both seasons. Postlarva which were collected during SEM season were clustered together because of sharing dissimilar characteristics with their adult populations. The present study further revealed P. canaliculatus from S5 is well separated from S6 and its group population is classified as the most distant morphologically population in Malindi-Ungwana Bay.
DISCUSSION
The genetic diversity of wild penaeid shrimps from six geographic locations in the Malindi-Ungwana Bay was investigated using morphometric variations. Reed and Frankham (2001) reported that when studying processes involving natural selection, it is imperative to assess directly quantitative trait variation. This study revealed significant morphometric variations among groups of populations in Malindi-Ungwana Bay which are said to be solely from body shape ( 
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specific morphological variability where shape variations increased with size, while postlarva were closer to each other than adults along the first axis of PCA (Guarneri et al., 2014) .
There were only two distinct clusters of penaeid shrimp that were observed at 22.9% level of similarity. The difference between the populations of these clusters may have been due to local adaption as well as phenotypic plasticity ( 
